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Figure 3. Temperature variation of the atomic volume for the phases of unalloyed plutonium. Generated using
data from Ref 57 with permission of Wiley. Copyright 1974.






The o—y transition in cerium is a Mott transitiont

By BORJE JoHANSSON
FOA 4, Stockholm 80, Sweden

[Received 18 June 1973 and in final form 17 June 1974]

AssTRACT

The «—y transition in cerium is considered as a Mott transition. From spectro-
scopic data it is concluded that the intra.atomic interaetion, U, is considerably
smaller than seems to have been believed in the past. Here it is argued that in
metallie cerium, U7 is only of the order of a few electron volts. Current band
caleulations of the width of a 4f band state are presumably very unreliable, and

correaisrerd asteomn s ol eyneialonstondio laeon s rmeheklo s nfanncid el -
importance.. . Still, some conventional ddnd taleulations seem to imply.a width of
nearly one electron volt for densities appropriate for the dense « phase in cerium.

Several experimental facts on the properties of y and a ecerium lead us to assert
that metallic cerium cannot promote its f electron into the (sd} configuration. This
is most clearly seen from its cohesive energy properties, and it is shown that if
cerium were to attain an (sd)? configuration, say in the = or ' phase, this would
lead to a totally unacceptable behaviour of a tetravalent transition metal. Tnstead
we are led to consider the f electrons as undergoing a Mott transition and in view
of our findings within the Hubbard picture this is & most likely oceurrence.  From
this conclusion, the remarkable similarity of the properties of the pressure-tem-
perature phase diagram of cerium and individual elements in the actinide series is
pointed out. From this it is concluded that the earlier commonly expressed view
that ecerium, when compressed, becomes a normal tetravalent transition metal
is invalid. Instead, high pressure on light rare earths element rather converts
them into actinide type elements.




Phonons of the anomalous element cerium
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J. Zarestky®, Duck Young Kim"™, Eyvaz I. Isaev"*, Rajeev Ahuja™', and Borje Johansson™
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- Trivalent potential gives good agreement with generally accepted picture of localized f electron
- Trivalent potential gives imaginary phonon dispersion at a Ce regime where the tetravalent one gives

good agreement with experiments M. Krisch et al PNAS 108 9342 (2011)
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Absence of magnetic moments in plutonium
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Tahle 1
Table of Pu impurities®

Impurity element Double electrore fined Zone refined Minimum detection limit
concentration (ppim) concentration (ppim) (MDL) (ppm)

Lithium 2.70 <0.40 0.40
Beryllium 050 <18 018
Sodium 115040 <880 B.80
Phosphorus 95.00 7.0 .60
Potassium 93500 40.00 14.00
Calcium 370 <050 .50
Chromium 300 420 13
Manganese 1040 <007 0.07
Iron 61,00 < 01} .00
Cobalt 100 <010 010
Mickel 2.10 <040 .40
Copper 1.90 .80 013
Ciermanium 5,000 <32 0.32
Rubidium 1.0} <0.11 0.11
MNiobium 1.0} <40 0.40
Silver 1.0 <13 13
Palladinm 100 <007 007
Cadmium 1040 .05 004
I iuimy 100 <006 .06
Tin 100 <003 .30
Cesium 10K <R LR
Cerium 1.0 <4 LRSS
Hafnium 104 018 003
Tantalum 1600} <220 2.20
Tungsten 6100 1004} 2.20
Rhenium 10K .20 014
Crold 104 <036 0.36
Lead 2.40 1.70 .08
Uranium 121.040 IRLTRL] 0.07
Total S0 (£ BE) 174 (% 26)

J.C. Lashley et. Al., Journal of Nuclear Materials, 274 (1999) p.315-319
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FIG. 1. Cerium phase diagram near ambient temperature and
pressure. The crystal structures and stacking arrangements of the .
B. and o phases are shown. The structure of the y phase is projected
along the close-packed (111) planes (horizontal rows of atoms) in the
[110] direction to emphasize the stacking sequences. The structure
of the B phase is shown along the close-packed (001) planes in
the [100] direction. The possible orbital ordering is shown for the

« structure, as determined by nuclear perturbed-angular-correlation
spectroscopy [8].
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Generalized superconductivity trend of lanthanides
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El-ph coupling and nesting of a-U Ce

The coupling strength is high
at X, branch
It enhances with lower pressure

With Allen-Dynes equation

1.04(1 + 2)
A—p (1 +0.621))

T, =% enp -

We got Tc = 4.5 K at 6.5 GPa



FREQUENCY (THz)

3.0

2.0

1.0}

o e e — e —— —— ——— . T

|
legg]
oT '
e L

!
f
e

i

i i | 1

05

10

0.5

L
10 0.6 02 00

1 .
03 0
E 1

C. Stassis et al PRB 26 5426 (1982)



Phonon energy (meV)

Vibrational entropy contribution to the oa-y phase
transition
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We calculated the entropy change

AST R 3 ki In(B8K) = 037 ky

ASY % = (0.75 = 0.15)kg
I.-K. Jeong et al PRL 92 105702 (2004)

Ultrasonic measurements

r—a
ALS‘Vib o~ 0132 kB
FF. Voronov et al Soviet Physics-Doklady 135, 1280 (1960)

*Total entropy change across the
transition

dP/dT = AS'* JAVI=* = 1.5 kg

Phonon contribution to the phase transition cannot be neglected !
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van der Pauw measurement

8 contacts, 2 independent van der Pauw configurations

A B C
I 1mm=d Racee = Vee/las
Reeac = Vee/lng
Reeac = Voe/lac
Ryrsp = Vie/lap
Reous = Veo/lus
> mm Repre = Vao/ I

5mm

P1 = T(Racce/Reeac)(#/IN2)(Racoe + Reeac)/2
p2 = f(RGEAC/RCEAG)(m/lnz)(RGEAC + RCEAG)/Z
p 3 = -f (RHFBD/ RFDHB) (ﬂd/ Inz) (RHFBD + RFDHB)/ 2
p 4 = -f (RBDHF/ RFDHB) (m/ Inz) (RBDHF + RFDHB)/ 2
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Lattice Dynamics and Superconductivity in Cerium at High Pressure

I. Loa."™ E. L Isaev.™ M. L. McMahon.! D.Y. Kim.*" B. Johansson.*” A. Bosak.® and M. Krisch®
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El-ph coupling and nesting of a-U Ce

The coupling strength is high
at X, branch
It enhances with lower pressure

With Allen-Dynes equation

1.04(1 + 2)
A—p (1 +0.621))

T, =% enp -

We got Tc = 4.5 K at 6.5 GPa



The Highest Superconductivity T, Table of Elements
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Image courtesy of Dr. Takahiro Matsuoka



 Allen-Dynes formula (PR B 12,905 (1975) for Tc

 Calculated Tc for alpha-U Ce 4.5 K

e Calculated Tc for fcc Ce 1.0K



